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Is the time necessary to produce 1 unit decreasing with
the cumulated production?

How does the learning rate compares with other industries ?
T

Are there different phases with different drivers
in the learning process?
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e Stanford-B:
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e De Jong: t =c +t;nd
e S5-Curve: t.=c, T t(ntc
b<1

Coy [PrEVIOuUs experience

C;, ‘incompressible time (tool limit)




earning

(reduction
assembly tim




(g

Learning: reducing unit production ;. ,

time (fﬂ

\
Model to fit production hours: Y

LogLinear: h(Q)=t,QP
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Application of Log Linear model: @J

Firm 3 N
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Collared Coils production: 900 - 1000 h
Cold Mass production: 500 - 700 h
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Production hours ﬁ;J
A

'
\

Learning percentage of CC & CM {

)

Collared Coils 81% 88% 83 %

Cold Masses 82 % 80% 82 %

*p of the three firms are very close to each other: long term
effect of the “Best Practice Sharing Practice”



Comparison with other industries

LHC main dipoles 80%-85%
Shipbuilding 80%-85%
RHIC magnets 85%
Aerospace 85%
Purchased Parts 85%-88%
Repetitive welding operations 90%
Repetitive electronics manufacturing 90%-95%
Repetitive machining or punch-press operations 90 9-95%

Raw materials 93 %-96 %




Process improvement or

workers’ learning ?
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Tooling re(!eployment

f \ (winding machine out of service)
f

New tooling

Tooling optimization
Process redesign
Workers redeployment

5054 10909 1595, 2089 25850
CumufatawRfdveRrodetHAR Coil units]
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Delay in days —— Delay in magnets —+— Delay at CERN

i

FCC HORIZON

4500 dipoles
5 years of productions
4 companies
Assembly time 3 months
Necessary production rate: 5 magnets/week
Detection time of quality problem after delivery:
+ 4weeks
Magnets in the assembly line and in store that could need refurbishment

85 units
(if problem related to centrally delivered component 340 units)
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Cost models: Crawford and Wright

e Crawford

1INUIC V € Veragec 0 [

power function of the prouced quantity:
ACl—)n (Il) = AIQB

Wright model

Crawford model

Arbitrary Cost Unit
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Cost analysis

Firm 1 88 % 88 % 1

Firm 2 90 % 86 % 0.8
Firm 3 89% 88% 0.8

Cold Mass production
Firm Crawford model | Wright model | Cost 300t unit
[A.C.U]

Firm 1 83 % 81% 0.55
Firm 2 82% 81% 0.4
Firm 3 88 % 82% 0.4




Limit in production efficiency

*Is the process scalable: higher production rate leads to lower costs?
*Is the tooling a factor limiting the improvement of production?

* The cost corresponding 60 2
. OEmployed Workers | |
to a production rate must T 8
50 + ¢ AC U
be represented as a " T = 1.6
o« g . . . = o) =U.4
statistical distribution S04 poms el == 1:4
2 = =12,
: = - Tuen =021 -
*The production =304 ey Ly B
phases are scalable at | & log=
least to 4-5 CM =20 1 I 106
delivered /week 5 i ! 0.4
]-O TICacu = 0.55 AL Cuacu = 0.08 Cupcu =~ 0.07 O 7
*The tooling limits the WENI—5 %CM=43 ||%CM=17 2
: Qig— | —— . W ()
production rate at 5-6 1 5 5 A ;
units / week Firm 3 Cold Mass - Production Rate (Lmits.f"weelé)
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learning rates

* Two phases are visible in the learning process: one
driven by process improvement, the other by the day
by day learning. Changes in procedures and

production tuning strongly affect the learning
process.

* The efficiency and the productivity are not limited
by the installed tooling

* Due to the complexity of NCR detection the risks of
large number of magnet rejection should be
mitigated with very detailed QC, rapid acceptance
screening, and very probably large design margins






